Validation and Safety of Visual Restoration by Ectopic Expression of Human Melanopsin in Retinal Ganglion Cells.
To study whether ectopic human melanopsin (hMel) in retinal ganglion cells (RGCs) could restore the visual function in end-stage retinal degeneration, AAV2/8-CMV-hMel/FYP was injected into the intravitreal space of Royal College of Surgeons (RCS) rats. It was observed that ectopic hMel/yellow fluorescent protein (YFP) was dominantly expressed in the RGCs of the RCS rat retinae. At 30-45 days after administration of AAV2/8-CMV-hMel/FYP in RCS rats, the flash visual evoked potentials and behavioral results demonstrated that visual function was significantly improved compared to that in the control group, while no improvement in flash electroretinography was observed at this time point. To translate this potential therapeutic approach to the clinic, the safety of viral vectors in the retinae of normal macaques was then studied, and the expression profile of exogenous hMel with/without internal limiting membrane peeling was compared before viral vector administration. The data revealed that there was no significant difference in the number of RGCs containing exogenous hMel/YFP between the two groups. Whole-cell patch-clamp recordings demonstrated that the hMel/YFP-positive RGCs of the macaque retinae reacted to the intense light stimulation, generating inward currents and action potentials. This result confirms that the ectopic hMel expressed in RGCs is functional. Moreover, the introduction of AAV2/8-CMV-hMel/FYP does not cause detectable pathological effects. Thus, this study suggests that AAV2/8-CMV-hMel/FYP administration without internal limiting membrane peeling is safe and feasible for efficient transduction and provides therapeutic benefits to restore the visual function of patients suffering photoreceptor loss.